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Pic-ohiology,  USSR,  Vol.  3,  ,io.  ].  1Q39,  Page  95-^f 

.cti  on  of  Infrared  Rays  on  Microorganisms,  by  G.  D.  Goncharov 

The  staging  o^  tents  on  the  action  of  infra-red  rays  (IRR)  on  a  li-e 
organism  depends  on  the  understand ing  of  the  very  nature  of  the  IR.R.  If  we 
have  In  mind  the  electromagnetic  theory  of  light,  that  is,  that  the  IRR,  while 
causing  an  oscillatory  movement  of  high  frequency  of  the  snail  particle?  of  r 
substance  encountered  in  their  path,  render  an  exceptionally  thermal  energy  hv 
this  reason  which  raises  the  temperature  of  this  substance,  than  the  action  of 
the  IRR  on  the  organism  can  be  exclusively  considered  as  an  action  of  a  ^-rmic 
factor  which  stimulates  or  hinders  the  vital  activity  of  the  cell  or  V'lls  the 
cell,  depending  on  the  intencity  of  the  heating.  Then  the  tests  should  be  run 
so  that  the  object  being  irradiated  is  completely  isolated  from  convecti oral 
warmth  which  is  escaping  from  the  source  of  the  IRR,  considering  only  the  radi'-t 
heat. 

If  we  consider  that  the  electromagnetic  oscillation  renders  an  influence  to 
the  cell,  and  along  with  this  an  increase  in  the  temperature  of  the  ce’l,  then  re 
~’e  ~uld  dem,3rc-  te  the  action  of  both  factors;  thermic  and  electromagnetic  one  i  He¬ 
rd  ~r.  of  -  determined  frequency.  Then  the  tests  should  be  run  so  that  the  objected 
Voir.g  irradiated  is  fully  isolated  from  the  total  action  of  the  convectionnl  and 
r--v  h*-.t,  th«t  is,  fro-  the  basic  thermic  properties  of  the  IRR,  considerin'-1  o-py 
t''",  action  of  the  electromagnetic  oscillation,  Tue  test  run  by  us  meet  these 
reouir emends . 

In  ’907,  when  there  were  already  numerous  studies  (Arloin-.  77, arc,  Bie)  w*-ich 
noted  the  bactericidal  properties  of  the  IRR,  Wiesni-r  pointed  r-'*  that  the  'RR 
obsess  significant  bactericidal  actions  (on  Strrpby1ococous  pyo  ernes  -•"'•ensj  'rd 


at  the  same  tiaw  confirming  the  fir3t  observations  of  Geip^er  in  thn  s-nky 
(sooty)  retorts  with  tyohus  baocilli.  Wiesner  utilizer  cast  iron  plates  as 
the  •euros  of  the  IJU.  Thsy  wars  heated  on  s  burner  with  special  Raptors  which 
allowed  regulation  of  the  intencity  of  ths  (e)  radiation  end  avertion  of  t.h» 
conveotional  transmission  of  the  heat  to  the  object  being  irradiated.  The  control 
object  is  put  into  a  themostat  at  a  temperature  equal  to  the  temperature  of  th^ 
air  of  the  testing  enclosure.  The  temperature  in  the  testin'*  enclosure  ip  never 
increased  higher  than  the  temperature  which  is  menacing  to  the  life  of  the 
bacteria.  TTiesner  also  stre-ees  that  it  is  necessary  that  there  be  nn  alteration 
of  agar  plate  on  which  the  colonies  of  bacteria  sre  growing  during  this  terror”'- 
ture  tinder  irradiation;  the  temperature  of  the  pl"te  should  be  higher  than  the 
temporat’L-e  of  the  surrounding  air  (because  it  does  not  cool)  which,  evidently, 
stipulates  the  lethal  action  of  the  IRR.  Further  on  in  hi3  tedts  on  the  effect 
of  the  temperature  of  the  air  during  irradiation,  Wieane-  w*s  convinced  ikat 
during  the  same  intencity  of  (e)  radiation,  but  during  an  increase  of  the  temper¬ 
ature  of  the  air,  the  bactericidal  action  of  the  rays  increased,  and  during  loom¬ 
ing  of  the  temperat’ire  the  action  of  them  decreased.  Trregardless  of  this,  "i"S~e 
comes  to  the  conclusion  that  the  bactericidal  action  of  the  IRR  is  not  a  thermic 
effect. 

Work  of  recent  years  (Nazaroba,  Glykson,  Arnautov)  which  sneak  in  *'?.vnur  of 
the  speoific  action  of  the  IRR  do  not  differ  with  any  persuasiveness  of  ria.tr 
because  of  the  lack  of  physical  conditions  in  the  tests  in  which  the  petior  o^ 
the  TRR  was  not  expressed,  but  the  total  actions  of  the  convections!  °-d  -ndient 
heat  and,  besides  this,  the  said  authors,  utilizing  an  electric  stove  without  - 
filter  as  the  source  of  IRR,  were  working  not  with  IRR  s1one  but  with  n+>or  r-.vs 
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which  adjoined  the  tests. 

In  our  fi-st  tests,  as  was  reported  earlier  (Goncharov  1937),  the  object 
being  Irradiated  wna  not  sufficiently  isolated  fr^m  tbo  oonveot'1  o»rl  bent. 
The-efore  we  had  a  tendency  to  contend  the  presence  of  thermic  action  of  the 
IRR  exclusively.  Later  we  built  a  cryostat  for  the  ellini nation  of  the  con¬ 
vections!  heat,  this  was  a  two  phase  metal  box  with  a  movable  screening  parti- 
tinn-shelf.  On  one  side  the  b^x  has  a  cut-out  15  by  15  cm  ~n  wvich  is  secured 
a  filter  with  e  cooler.  The  vessel  with  the  object  being  ■’"radiated  is  out  into 
the  box  on  the  cooling  support.  All  the  cooling  of  the  cryostat,  a?  wi!1  ns  the 
filter  and  support,  was  done  with  flowing  water. 

To  ellimirste  the  eo-sibility  of  the  heat  factor,  control  objects  we~e 
rl-ced  into  a  thermostat  with  the  seme  temperature  th"t  wcs  p"esent  during  the 
irradiation,  the  medium  before  sowing  was  subjected  to  p  thermeet.at  until  th" 
disir^d  tem"erature  was  -ttained  to  avert  an  effect  of  fast  hentin^  du-in"  c"m- 
p<="ison  of  the  conttrol  and  testing  objects.  The  temoerature  of  the  red  i”~  he  in? 
irradiated  was  always  under  control  in  contrast  to  the  tests  of  Wieoner.  The 
c"ntroling  w-s  done  with  the  aid  of  a  thermocouple  accordi-v*  to  the  difference 
the  deviations  of  the  mirror-galvanometer. 

The  source  of  the  TRH  was  3  1000  TV.  e^ctric  lamp  operating  on  1 1 1  v.  T’-e 
distance  from  the  lamp  filament  to  the  su-^ce  of  the  medium  with  the  culture  was 
-e  -c-,-  oS  "oerib1"  t"  19  cm.  in  r^der  to  obt^'in  the  best  effect.  A  filter 
"e'1  eased  the  rays,  wave  lengbt  0.8  to  1.2  microns,  that  is,  rays  imm.edi?te1y 
a- joinin'  to  the  visible  red  rays, 

because  the  tests  we-c  mainly  with  a  fluid  nutritive  nedi"sn  it  was  necessary 
to  establish  to  what  extent  the  I.ifl  were  retained  bv  the  med 
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of  a  thermotrunk  it  was  established  that  at  a  distance  of  19  cm  from  th* 


lamp  filament  through  a  15  mm  layer  of  the  nutritive  medium  in  Koh.rr  vessel? 
there  ia  th#  following  from  the  "eneral  stream  of  the  I.iRj  through  liquid  in 
8,5  Bll— 9.5^;  through  Ghiltan  medium— 12.1%. 

Four  other  series  of  tests  were  run.  Irradiation  was  conducted  ir.  100  cm3 
of  the  wash  Ell,  15  mm  high  in  e  Kohha  vessel,  there  was  added  1  cm3  of  a  yeast 
suspension  of  a  2  day  agar  culture.  Determination  of  the  possible  fermentative 
variations  after  the  irradiation  was  done  by  determining  the  quantity  of  so**- 
in  the  liquid  in  the  process  of  aloohal  fermentation  accorbiag  to  Bertrer.. 
Determinations  were  made  every  2/  hours.  The  culture*  were  irradiated  /  hours 
each  day  for  3  days.  The  temperature  of  the  wash  during  irradiation  was  near 
31-12  C. 

The  quantity  of  maltose  regaining  at  the  end  of  the  main  *'ermcnt=tion  in 
the  irradisted  and  non- irradiated  cultures  wes  percentage  wise  0.1,  which  is  in 
the  levels  of  a  possible  error.  .The  weight  of  sediment  determined  r.t  the  end  of 
the  fermentation  process,  having  been  dried  in  an  desiccator,  also  fluctuated  in 
the  levels  of  0.1$. 

Under  these  conditions  of  the  test  the  IR^  did  not  render  any  effect  or  th* 
fermentative  properties  of  the  yeast  to  ferment  the  maltose.  Wor~hologicr.l 
variations  of  the  yeast  cells  during  this  were  not  noted  either. 

The  bacteria  Pact,  prodiglosum  and  Pseudomonas  flu*rescens  liquefnei *nn  w'— 
used  1 n  the  following  tests. 

The  B  '.ct.  prodigiosum  was  subjected  to  irradiation  wi*>  a  •  hour  »x-'o  — :-o. 
There  were  three  tests.  The  temperature  of  the  medium  during  th-  -- Vr 
maintained  near  46-/7  C,  One  oontrol  culture  was  at  this  temperature  a— <  tv 
lenght  of  time,  that  is,  4  hours,  in  a  therrostat  (wrapped  in  bloc^  photn-wm-ni 
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pn.  •'*);  t r»  other  centre]  w- 3  at  30  C.  in  a  thermostat-  the  temperature  at 
w  ’"ch  all  the  cultures  were  he2d  after  the  test.  The  resets  of  thr  tests 
indicate  that  the  action  of  the  I  HR  tended  to  hinder  t.ha  ''c-nation  nf  color¬ 
less  colonies  (leukornces);  a  part  -r"  tha  colonies  on  the  irradiated  vessels 
rerained  red  whicle  the  control  -t  this  same  temperature  were  all  colorless. 

A-'-’1  o'-ical  tests  were  conduct*-.-?  •sit*'  do.  fluorescens  liquefneiens  on  MPA 
and  on  an  a mar  madi'm-,  Oiss,  with  plucose.  Variations  of  t’03  thermic  nature 
va  -a  noted  here  also,  and  in  particular  on  ths  Gi;s  ‘..ediuoi  because  the  tempore 
t  iro  of  the  irradiation  medium  and  control  equaled  /. 5-46  G.  These  variations 
were  fixed  by  photo-survey  of  seperate  dailey  colonies,  res1'1 1 in--  ao+er  irrad¬ 
iation  and  «■" ter  the  action  o'  t’u.  to*- -*r.  t.\~.  at  45-46  C  in  t  tnornos+ut.  ?h 
variations  war* .  vn- linking  of  the  original  form  into  tvjc  types  of  ec]rr,irn  V 
end  ?.  in  the  vr-rselg  subjected  tc  irredi  -tion  as  well  as  those  in  the  hhwrr.rst 
(exposure—  2  hours;  thermostat  te"iper  .ture-45-46  C.).  The  splitting  action  r- 
.not  note]  st  C.  The  colonics  wore  of  one  typo. 

Durinj  a  4  hour  irradiation  at  45  C.  in  a  thermostat  ther*  '.vers  only  .-row 
pf  transparent,  dif'h.soc  colonize  of  the  tyre  V.  At  35  3.  in  a  thsrrost^t 
or  the  original  type  jrew  out,  as  also  at  30  C.,  with  two  concentric  sor.es  si  a 
broker  in  t.he  center. 

Successive  te_ts  with  Ps,  fluorescer.s  1 i-uefaciens  were  conductr4  on  thw 
Ghiltan  -<••<? 4 -vr  with  a  cc  int  of  their  denitrification  ability  in  forming  r.itrit 
• 'or.T.ina nicn  of  the  r. i trite.:  w;.s  d^r.c  color  . metrics Hy  according  to  U\:bc.:’'o  - 
‘ --’ir.. -starch-zinc.  The  results  of  the  colnrirc*v'o. i  are 

fh -  method  of  irradiation  used  is  ti.e  same  as  th* t  ~.u  G.coharrry-  -  - - * 

in  u  fluid  medium,.  Utilizin'"  the  possibility  of  reyulr.tir’  the  te-u  r  .t .  - 
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•able  1.  Denitrification  ability  of  Pseudomonas  fluorescent  licuefaciena 

(ifOg  in  mg  on  1. 5  cm3) 
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